Glyoxysomes isolated from castor bean (Ricinus communis L. var. zanzibariensis) endosperm have been stained by the cytochemical diaminobenzidine reaction. The reaction product obtained by preincubation with 3,3'-diaminobenzidine and incubation with the reagent and H202 is distributed uniformly throughout the matrix of the organelles. Ricinosomes or dilated cisternae may be completely absent from the organelle preparation or are, at the most, a minor contaminant.
glyoxysomes of castor bean endosperm that most of the enzyme was easily solubilized during the isolation of glyoxysomal membrane prepartions. This observation also indicates that catalase is a matrix enzyme in glyoxysomes. Recently, Longo et al. (5) reported on a cytochemical investigation dealing with catalase activity in glyoxysomes isolated from maize scutella. Surprisingly, they detected staining by the DAB2 reaction only in the membranes of the organelles.
In our studies on the properties of glyoxysomal membranes, we have done similar experiments with glyoxysomes isolated from castor bean endosperm. Experiments were also carried out to characterize the homogeneity of the glyoxysomes used for the isolation of membranes. Glyoxysomal preparations from castor bean endosperm might contain another type of organelles present in this tissue, the so-called ricinosomes (7) or dilated cisternae (10) . Since these organelles were shown by histochemical studies to contain no catalase activity, it should be possible to detect such a contamination by a cytochemical study of catalase activity in isolated glyoxysomes.
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MATERIALS AND METHODS Glyoxysomes from the endosperm tissue of seeds of castor beans (Ricinus communis L. var. zanzibariensis) germinated for 5 days at 30 C were isolated as described elsewhere (2) . For the DAB reaction, a procedure modified from that described by Vigil (9) was used. After isopycnic centrifugation, fractions containing glyoxysomes were pooled and fixed for 1 hr in 4.5% glutaraldehyde in 53% sucrose (w/w). The suspension was then diluted with an equal volume of 35% sucrose in Tricine buffer, pH 7.5 (10 mm Tricine, 1 mm EDTA), and centrifuged for 30 min at 38,000g. The pellets were washed twice with 2-amino-2-methyl-1,3-propanediole buffer (0.1 M, pH 9.0). The pellets were then suspended in 0.05 M aminomethylpropanediole buffer containing 10 mm DAB and preincubated for 30 min at 25 C. Subsequently, the material was transferred to a dialysis bag and dialyzed for 30 min against a buffered DAB solution of the same composition containing 0.3% H202. For control experiments, H,02 was omitted from the incubation mixture. After incubation, the particles were centrifuged for 10 min at 38,000g and washed twice with 0.1 M aminomethylpropanediole buffer, pH 9.0, and once with H20. For a further control experiment, the DAB treatment was also omitted. The pellets from the last washing step were postfixed with 1.3% OsO in 0.067 M collidine-HCl buffer, pH 7.4, for 1 hr and were washed once more with H20. In some cases, organelles incubated with DAB/H202 were mixed with those incubated with DAB alone or with those only postfixed with OsO. The pellets were dehydrated in a series of increasing ethanol concentrations and were embedded in Epon 812 (6) . Ultrathin sections were cut on a Reichert ultramicrotome OmU-2 and examined with a Philips EM 200 electron microscope. In some cases, sections were stained with uranyl acetate and lead citrate.
RESULTS AND DISCUSSION
Preliminary experimental results on the distribution of catalase between the membrane of glyoxysomes and their matrix were somewhat ambiguous. In our investigation (2) Figure   1 and glyoxysomes fixed with OsO without prior incubation with DAB. X 7000.
mixtures of organelles treated in this way and those treated with DAB/H202 indicate that a positive DAB reaction actually occurred in the organelles. Figure 2 gives an example of such a control experiment. Similar results were obtained when only H202 was omitted. Results with sections stained with uranyl acetate and lead citrate were analogous, but the differences in electron density between the organelles that had reacted with DAB/H20. and those that had not reacted were much less pronounced. The effect of 3-amino-1,2,4-triazole on the DAB reaction was not tested. Whereas the presence of high catalase activity in glyoxysomes is well documented, no peroxidase has yet been detected in these organelles. In the case of isolated glyoxysomes, it is therefore unnecessary to show that the DAB staining obtained is actually due to catalase activity. In addition to this, it has been shown (5) that 20 mm aminotriazole causes only 60 to 70% inhibition of catalase activity in isolated glyoxysomes, which is not sufficient to eliminate staining by the DAB reaction. As mentioned above, one purpose of this investigation was to solve the question of the presence of dilated cisternae or ricinosomes in glyoxysomal preparations isolated from castor bean endosperm. According to Mollenhauer and Totten (7), ricinosomes appear in castor bean endosperm after 3 to 4 days of germination and occupy as much (or even slightly more) cytoplasmic volume as glyoxysomes. Lower figures have been reported by Vigil (10) . It is not clear whether these discrepancies can be explained by the fact that different varieties of castor beans were used by the two groups. Tentative evidence has been presented (7) that glyoxysomal preparations BIEGLMAYER, RUIS, AND GRAF contain ricinosomes. Two properties of these organelles could be used to decide whether they are actually present in glyoxysomal preparations: (a) Their membrane is covered with ribosome-like particles; (b) Histochemical staining has shown that they contain no catalase. The first criterion is not very reliable for technical reasons. Ribosomes could be lost from the organelles during their isolation in EDTA-containing media and gradients. According to the second criterion, glyoxysomes isolated by the methods used in this investigation are quite homogenous with respect to their catalase content (Fig. 1 ). An unequivocal quantitative evaluation of these results is difficult because of the fact that catalase is one of the enzymes that are most easily solubilized during the isolation of glyoxysomes (2) . Therefore it is quite probable that a number of glyoxysomes in our preparations contain a reduced amount of catalase. About 5% of the microbody-like organelles in our electron micrographs seem to contain at least clearly reduced catalase activity, or, in rare cases, no catalase at all. The contamination of the preparations by ricinosomes should therefore be below, and very probably far below 5%.
No information was obtained by these experiments on the distribution of catalase between the soluble matrix and the core structures of plant peroxisomes. Conflicting results on this problem have been obtained by histochemical investigations carried out in different laboratories. According to Vigil (9) catalase is a component of the crystalloid core of oat coleoptile peroxisomes. Mollenhauer and Totten (7) have found that catalase was distributed throughout the matrix of crystalloid-containing glyoxysomes of castor bean endosperm. We have never been able to detect glyoxysomes with crystalloid core structures in our preparations and, therefore, we are not able to contribute to the solution of this question.
Our results show that, as in intact tissue, catalase is located mainly in the matrix of isolated glyoxysomes. It has further been shown that the isolated organelle population is, at least qualitatively, homogenous in its catalase content. This excludes the possibility of ricinosomes being present as a major impurity in glyoxysomal preparations from castor bean endosperm.
